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7KH,QWHUQDWLRQDO&RQIHUHQFHRQ6RIW&RPSXWLQJDQG6RIWZDUH(QJLQHHULQJ6&6(
0RUSKRORJLFDODQDO\VLVLQWKHHQYLURQPHQW7(/$

.KDLUHGGLQH%DFKDD0RXQLU=ULJXLE
D8QLYHUVLW\RI7XQLV+LJKHU6FKRRORI6FLHQFHVDQG7HFKQLTXHVRI7XQLV/DERUDWRLUH/D7,&(7XQLVLD
E8QLYHUVLW\RI7XQLV+LJKHU6FKRRORI6FLHQFHVDQG7HFKQLTXHVRI7XQLV/DERUDWRLUH/D7,&(7XQLVLD
$EVWUDFW
,Q WKLV DUWLFOH ZH GHVFULEHG WKH DSSURDFK WR DFKLHYLQJ 7HODPD DQDO\]HU 7RZDUGV (QYLURQPHQWDO/HDUQLQJ $UDELF
0RUSKRORJLFDO $QDO\]HU VWDWLVWLFDO DSSURDFK EDVHG RQ WKH +LGGHQ 0DUNRY0RGHO 00& RI 'HJUHH  DQG 7ULJUDPV :H
GHVFULEHWKHJHQHUDODOJRULWKPDQGUHVRXUFHVSHUIRUPHGWRDFFRPSOLVKWKHWDVNRIDFKLHYLQJWKHDQDO\]HU7KLVZRUNDOVRGHWDLOV
WKHGLIIHUHQWH[SHULPHQWVWKHSUREOHPRIDQDO\]LQJWKHWUDLQLQJFRUSXVDQGVHOHFWLRQRIWKHVHWRIODEHOV)LQDOO\DQHYDOXDWLRQRI
RXU VHJPHQWDWLRQ V\VWHP FORVHV WKLV VWDJH RI ZRUN RQ WKH PRUSKRORJLFDO DQDO\VLV RI $UDELF ZRUGV WKH UHVXOWV DUH YHU\
HQFRXUDJLQJ

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIRUJDQL]LQJFRPPLWWHHRI7KH,QWHUQDWLRQDO&RQIHUHQFHRQ6RIW&RPSXWLQJDQG6RIWZDUH
(QJLQHHULQJ6&6(
.H\ZRUGVPRUSKRORJLFDODQDO\]HU$UDELF+LGGHQ0DUNRY0RGHO7ULJUDPVFRUSXVODEHOV
,QWURGXFWLRQ
7KH QHHG IRU $XWRPDWLF 1DWXUDO /DQJXDJH 3URFHVVLQJ 1/3 LQ ODUJH OH[LFDO UHVRXUFHV FRQWLQXHV WR JURZ
0DQDJHPHQWRIVXFKNQRZOHGJHPXVWEHFRQVLGHUHGDSULRULW\VLQFHLWLVDNH\HOHPHQWLQWKHVXFFHVVLQWKHVHQVH
HIIHFWLYHQHVV RI1/3 DSSOLFDWLRQV WKDW XVH WKHP7KXV LQFUHDVHV WKH LQWHUHVW RI GHYHORSPHQW RI UHXVDEOH OH[LFDO
GDWDEDVHVDQGLQGHSHQGHQWRIDSDUWLFXODUODQJXDJHDSSOLFDWLRQ
2XUUHVHDUFKZLOOIRFXVRQWKHVWXG\RIWKH$UDELFODQJXDJHZKLFKGHVSLWHLWVSRVLWLRQDVWKHILIWKODQJXDJHLQWKH
ZRUOGZLWKPRUHWKDQ$UDEVLWHVRQWKHZHEDQGPRUHWKDQPLOOLRQVSHDNHUV\HWQRDQDO\]HUFDSDEOH
GHDO UREXVWO\ DOO LWV PRUSKRV\QWDFWLF SKHQRPHQD DQG ZLWK UHIHUHQFH WR WUDLQLQJ DW WKH VXPPHU LQ OLQJXLVWLFV
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FRUURERUDWHGE\WKHILQGLQJVWKDWFRQWDLQVWKHHQF\FORSHGLD(QFDUWDRQOLQHVFKRRO)XUWKHUPRUHZHDUHZLWQHVVLQJ
DQ LQFUHDVH WH[WXDO FRQWHQW LQ $UDELF HVSHFLDOO\ RQOLQH 7R GDWH WUHDWPHQW DQG RSHUDWLRQ RI WKHVH LQIRUPDWLRQ
UHVRXUFHVDUHVWLOODFKDOOHQJHIRUUHVHDUFKHUVLQWKHILHOGRIDXWRPDWLFSURFHVVLQJRIQDWXUDOODQJXDJHV,WLVLQWKLV
FRQWH[W WKDW WKH SUREOHP RI UREXVW DXWRPDWLFPRUSKRV\QWDFWLF DQDO\VLV RI $UDELF ZDV GLVFXVVHG$OVR ZH KDYH
EHJXQ FRQVWUXFWLRQRI D VHW RI ODQJXDJH UHVRXUFHV IRU$UDELF LQRUGHU WR EXLOG DQ DXWRPDWLF FRPSRQHQW DQG LSVR
IDFWRUHFRJQL]HQDPHGHQWLWLHVLQWH[WVZULWWHQLQVWDQGDUG$UDELFPRUSKRV\QWDFWLFDQDO\VLV
,OOXVWUDWLRQV2YHUYLHZRIH[LVWLQJZRUNRIGLIIHUHQWODEHOHUV
7KHPRUSKRORJLFDO OHYHO LV D YHU\ QHFHVVDU\ VWDJH IRU WKH WUHDWPHQW RI QDWXUDO ODQJXDJH WR WKH NQRZOHGJH
UHSUHVHQWDWLRQ ODQJXDJH OH[LFRQV DQG JUDPPDUV $V SDUW RI SURGXFLQJ D UREXVW DQG IXQFWLRQDO PRUSKRORJLFDO
DQDO\]HUUHVHDUFKHUVKDYHFRQFHQWUDWHGWKHLUZRUNRQWKHDXWRPDWLFSURFHVVLQJRIWKH$UDELFODQJXDJHWRSURGXFH
DSSOLFDWLRQVRUVROGWRSULYDWHUHVHDUFKODERUDWRULHVDVPDOOQXPEHURIUHVHDUFKHUVIRUH[DPSOH.KHPDNKHPDDQG
7DKLUHWDOKDYHSXEOLVKHGWKHLUZRUNWRHQDEOHRWKHUVWRXQGHUVWDQGWKHLUPHWKRGVDQGWULHVWRHYDOXDWH:HZLOO
LQFOXGHLQWKLVVHFWLRQDVHWRIPRUSKRORJLFDODQDO\]HUVWKDWDUHNQRZQLQRXUOLWHUDWXUH
x $UDPRUSK
7KLV LV DQDQDO\]HU IRU WKHDXWRPDWLFSURFHVVLQJRI$UDELF WH[WVZKLFK LVGLVWULEXWHGE\ WKH OLQJXLVWLFGDWD
FRQVRUWLXPDZRUGFDQEHVHJPHQWHGLQWRWKUHHVHTXHQFHVSRVWIL[HGURRWSUHIL[$VIRUWKHOHQJWKSUHIL[ZDV
EHWZHHQ  DQG  FKDUDFWHUV SRVW IL[HG IRU EHWZHHQ  DQG  DQG IRU WKH URRW FKDUDFWHUV EHWZHHQ  DQG VHYHUDO
FKDUDFWHUV 7KLV WDJJHU XVHV WKUHH W\SHV RI ILOHV 3UHIL[  HQWULHV SRVW IL[HG  HQWULHV DQG URRWV 
HQWULHVFLWHGE\0RKDPPHG
7KHH[LVWHQFHRI UXOHVRI UHODWLRQVKLSEHWZHHQSUHIL[  URRW HQWULHV IURPSRVW IL[HG URRW HQWULHV
DQGSUHIL[SRVWIL[HGHQWULHVWDEXODWHGWRGHWHUPLQHH[LVWLQJFRPELQDWLRQVLQODQJXDJH7KHRXWSXWRIWKLV
DQDO\]HULVLQWKHIRUPRIDILOHWKDWFRQWDLQVWKHOH[LFDOIRUPRIDZRUGLWVFODVVDQGLWV(QJOLVKWUDQVODWLRQ
6HYHUDOGLVDGYDQWDJHVRIWKLVWDJJHUZHUHVXPPDUL]HGE\'LDE
/DFNRIVSHFLILFDWLRQRIFHUWDLQW\SHVRISDVVLYHYRLFHYHUEVRQO\RXWRIRUDUHFRQMXJDWHGWRWKH
SDVVLYHVHHWKHSUHVHQWDQGSDVWWHQVHYHUEV
3UREOHPZLWKWKHWUHDWPHQWRILQWHUURJDWLYHSURFOLWLFWKDWORFDOL]HHDUO\YHUEVDQGQRXQV
1RUXOHVJHQHUDWLRQVDOOOHPPDVDUHOLVWHGPDQXDOO\DQGDOODVVRFLDWHGOH[HPHVLQIOHFWHGIRUPVDUHOLVWHGZKLFK
XOWLPDWHO\LQFUHDVHWKHFRVWRIPDLQWHQDQFHRIWKHOH[LFRQ
 /DFN RI VSHFLILFDWLRQ RI FHUWDLQ IRUPV WKH LPSHUDWLYH YHUEV RQO\  RXW RI  RU  KDYH PDQGDWRU\
IRUPV
x $690
7KHWHDPKDVGHYHORSHG'LDE$690DQDO\]HULQLWLVDQDGDSWDWLRQWR$UDELF(QJOLVKV\VWHP<DPFKD
ZKLFKZDV WUDLQHGRQ WKH7UHHEDQN DQQRWDWHG FRUSXV XVLQJ WKHPRGHO6XSSRUW9HFWRU0DFKLQH DQGEDVHGRQ
ODEHOV7KLVLVEDVHGRQDWKUHHDQDO\]HUPRGXOHV7RNUXQSOIRUWRNHQL]DWLRQ/(0UXQSOIRUWKHQRUPDOL]DWLRQRI
IHPLQLQHZRUGVRQO\WKLVLVQRWDUHDOOHPPDWL]DWLRQDQGILQDOO\326UXQSOIRUODEHOLQJ
$FFRUGLQJ'LDEHYDOXDWLRQLVPDGHDFFRUGLQJWRWKH$690$UDELF7UHHEDQNFRUSXVFRQVLVWLQJRIVHQWHQFHV
WKHFRUSXVLVGLVWULEXWHGDVIROORZVVHQWHQFHV'HYHORSPHQWIRUWKHWHVWVHQWHQFHVDQGVHQWHQFHVIRU
OHDUQLQJ
7KHUHDIWHU  WKH WHDPRI'LDE KDV DFKLHYHG DQ LPSURYHPHQW RI WKLV WDJJHU XQGHU WKHQDPHRI$0,5$ QRW
GRZQORDGDEOHZKLFKJHWVPRUHHIILFLHQWUHVXOWVLQWHUPVRIVHJPHQWDWLRQDQGDFFXUDF\PRUHWKDQ
OHYHORIODEHOLQJ
x ;(52;ZLWKRXWGLVDPELJXDWLRQ

7KHVHJPHQWDWLRQSKDVHIRUWKLVDQDO\]HULVPDGHE\DILQLWHVWDWHWUDQVGXFHUE\FXWWLQJWKHLQSXWLQWRWRNHQVWKDW
PDWFKDQLQIOHFWHGIRUPRULJLQDOIRUPRUFKDUDFWHUQXPEHURUSXQFWXDWLRQSXQFWXDWLRQFKDLQJLYLQJHDFKVHJPHQW
ODEHOVWKDWUHSUHVHQWWKHPRUSKRORJLFDOEHKDYLRURIHDFKOH[LFDOXQLWDQGLWVFODVVUHFHQWUHVXOWVIURP6LOEHU]WHLQDQG
7XWLQ
7KLV LQFOXGHV ODEHOHU  URRWV DQG  PRGHOV WR SURGXFH  WRNHQV 7KLV DQDO\]HU XVHV UXOHV WR ZLGH
FRYHUDJHE\DJDLQVWLWJHQHUDWHVDIDLUO\KLJKUDWHRIOH[LFDODPELJXLWLHV,WGRHVQRWGHDOZHOOGLVDPELJXDWLRQSKDVH
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/RFDWLRQPRUSKRORJLHVDQDO\]HULQWKHSURMHFW³7(/$´
,Q RUGHU WR DFKLHYH DPRUSKRORJLFDO DQDO\]HU FDOOHG7(/$0$ (QYLURQPHQWDO7RZDUGV /HDUQLQJ $UDELF 
0RUSKRORJLFDO$QDO\]HU ZHPHQWLRQHG HDUOLHU VRPHROG VWHPPHUV VKRZLQJ WKHLU RSHUDWLQJSULQFLSOHV XVHG DQG
WKHLUIODZVDQGZHDNSRLQWVWU\LQJWRRYHUWDNHDQGREWDLQLPSURYHGZLWKDQDFFXUDF\DFFHSWDEOHUHVXOWVDLPHGDW
WKH WUHDWPHQW RI WKH $UDELF ODQJXDJH DSSOLFDWLRQ 7KLV XVLQJPRUSKRORJLFDO UXOHV WR KHOS WUHDW DQG DQDO\]HG WKH
$UDE/HDJXHPDNHVLWHDVLHUIRUOHDUQHUV
7(/$0$ LV FRPSRVHG RI WZRPDLQ SDUWV 7KH ILUVW SDUW FRQFHUQV WKH OH[LFDO VHJPHQWDWLRQ RI $UDELF WH[W LW LV
DFKLHYHGE\VHJPHQWDWLRQLQWRSDUDJUDSKVVHQWHQFHVRUZRUGV(QVXULQJWKDWWKHWH[WLVDWUHDWDVDOZD\VWKHRULJLQDO
FRUSXV7KHVHFRQGSDUWLVLWVHOIGLYLGHGLQWRWZRSKDVHVDSKDVHPRUSKRORJLFDODQDO\VLVEDVHGRQWKHVWUDWHJ\EDVHG
RQILQLWHVWDWHDXWRPDWDDQGWKHQWKHODEHOLQJSKDVHZKLFKLVSHUIRUPHGDFFRUGLQJWZRSULQFLSOHV00&0DUNRY
0RGHORI'HJUHHDQG1JUDPV ,QRUGHU WRDFKLHYHDPRUSKRORJLFDO DQDO\]HUZHPHQWLRQHGHDUOLHU VRPHROG
VWHPPHUV VKRZLQJ WKHLU IDXOWV DQG RSHUDWLQJ SULQFLSOHV XVHG WR WU\ WR RYHUFRPH WKHP DQG REWDLQ DQ DSSOLFDWLRQ
ZKLFK VHHNV LPSURYHG WUHDWPHQW XVLQJPRUSKRORJLFDO UXOHV UHVSRQVHV OHDUQHU LQ D OHDUQLQJ HQYLURQPHQW  RI WKH
$UDELFODQJXDJHFRPSXWHUDVVLVWHG7(/$TXRWHGLQWKHZRUN%DFKD$PRQJWKHIHDWXUHVRIRXUDQDO\]HUZDVWKH
OH[LFDOVHJPHQWDWLRQRIDQ$UDELFWH[WZKLFKDVWKHRULJLQDOFRUSXVXVHGLQWKHDSSOLFDWLRQOH[LFDOXQLWVUHFRJQLWLRQ
RIWKHURRWRIWKHQDPHRUYHUEDOIRUPGHULYHGSURFHVVHGXVLQJWKHGLFWLRQDU\E\%DFKDDQG=ULJXL
,QWKHDEVHQFHRIWKHUHVXOWXVLQJWKHGLFWLRQDU\WRVXSSRUWWKHPHWKRGRIUDFHPL]DWLRQXVLQJWKHILQLWHVWDWHPDFKLQH
DQGILQDOO\ORRNLQJIRUDOOIRUPVGHULYHGIURPWKHURRWLQTXHVWLRQLVQRPLQDORUYHUEDO
2SHUDWLQJV\VWHP
7KHFHQWUDODQGPDLQPRUSKRORJLFDOVHJPHQWDWLRQRIRXUDQDO\]HUFRPSRQHQWVWKDWUHSUHVHQWGHULYDWLRQVRID
URRW7KLVV\VWHPZRUNVZLWKWKHERG\RQZKLFKWKHWUHDWPHQWLVFDUULHGRXWDQGDGLFWLRQDU\WKDWLVXVHGDVDQ
HOHPHQWRIYHULILFDWLRQRIUHVXOWWRREWDLQDQHIIHFWLYHDQDO\VLVZLWKDORZHUURUUDWHDQGUHVXOWVDFFXUDWHE\%DFKD
DQG=ULJXL
2XUDQDO\]HULVLQWHUHVWHGQRWRQO\LQPRUSKRORJLFDOVHJPHQWDWLRQZKLFKLVFLWHGLQWKHZRUN%DFKDDQG=ULJXLEXW
DOVR WRZRUG VHJPHQWDWLRQZKLFK LV DQHVVHQWLDO WUHDWPHQWDSSOLHGRQ WKH WH[W WRSUHSDUH WKHHQYLURQPHQW IRU WKH
PRUSKRORJLFDO DQDO\]HU WKHQ WKH UHVXOW REWDLQHG ZLOO EH XVHG LQ WKH ILQDO VWDJH RI UHVHDUFK WR GHWHUPLQH DOO
GHULYDWLYH IRUPV WKDW KDYH WKH VDPH URRW IRXQG GXULQJ WKH VHJPHQWDWLRQ PRUSKRORJLFDO ZKLFK LV LQ WKH WH[W
%DFKD:KROHVWKLVLVH[SODLQHGLQWKHIROORZLQJILJXUH
7KH ILJXUH VKRZV WKH RYHUDOO DUFKLWHFWXUH RI WKH SURSRVHG V\VWHP 7HODPD 7KLV V\VWHP ZRUNV E\ ZHOOGHILQHG
EHWZHHQWKHSDUWLHVWKDWFRPSRVHUHODWLRQVVHJPHQWDWLRQPRUSKRORJLFDODQDO\VLVDQGODEHOOLQJ7KHVHUHODWLRQVKLSV
DUH FUHDWHG LQ RUGHU WR KHOS WKH V\VWHP XVLQJ WKH WUDLQLQJ FRUSXV DQG WKH GLFWLRQDU\ SURYLGHG DV UHVRXUFHV DQG
DFKLHYH HIIHFWLYH DQG UREXVW DQDO\VLVZLWK D ORZHUURU UDWH DQG UHOLDEOH DQG DFFXUDWH UHVXOWV2XU V\VWHP LVPDGH
EDVHGRQDVHWRIPRUSKRORJLFDODQGOH[LFDOUXOHVLGHQWLILHGE\WKHWHDFKHUZKRLVDVSHFLDOLVWDQGH[SHUWLQWKHZRUN
LQSURFHVVRULHQWHGVHJPHQWDWLRQVWRUHPRYHWKHDPELJXLW\WKDWDIIHFWV$UDELFZKLFKDUHSUHVHQWHGLQWKHWUDLQLQJ
FRUSXV2QWKHRWKHUKDQGWKHUHLVWKHVWXGHQWZKRLVLQYROYHGLQWKHV\VWHPDWL]DWLRQRIWKHDSSOLFDWLRQE\FRQVKH
VHHV WKDW WKH UHVXOW GLVSOD\HG DW WKH HQG RI H[HFXWLRQ ZKLFK VXPPDUL]HV WKH VXEVHTXHQW ZRUN SHUIRUPHG E\ WKH
V\VWHPRQWKHWH[WDQGJUDSKLFVSUHFLVHO\RQZRUGVWKDWIRUP

524   Khaireddine Bacha and Mounir Zrigui /  Procedia Computer Science  62 ( 2015 )  521 – 528 

)LJ2SHUDWLQJ6\VWHP
/DQJXDJHPRGHO
7KH ODQJXDJHPRGHO  WKDW LV WR VD\ WKH FRPSRQHQWRI WKH UHFRJQLWLRQ V\VWHP LV LQ FKDUJHRI LQWURGXFLQJ WKH
FRQVWUDLQWV LPSRVHG E\ WKH V\QWD[ RI WKH ODQJXDJH UHSUHVHQWHG LQ WKH WUDLQLQJ FRUSXV  LV FXUUHQWO\ EDVHG LQ WKH
UHFRJQLWLRQV\VWHPVODUJHWKHPRVWHIILFLHQWYRFDEXODU\RQDSUREDELOLVWLFFRPSDWLEOHZLWKWKHRWKHUFRPSRQHQWVWKDW
WKHV\VWHPRIUHFRJQLWLRQDSSURDFK
7KLV PRGHO RI SUREDELOLVWLF ODQJXDJH PRVW RIWHQ EDVHG RQ DQ HPSLULFDO SDUDGLJP D JRRG HVWLPDWH RI WKH
SUREDELOLW\RIDOLQJXLVWLFHYHQWPD\EHREWDLQHGE\REVHUYLQJWKLVHYHQWRQDOHDUQLQJFRUSXVVL]HVXIILFLHQW7KH
QHHGVRIWKHODEHOLQJLQGXFHGSKDVHDUHWKDWWKHODQJXDJHPRGHOGRHVQRWWDNHLQWRDFFRXQWWKDWWKHORFDOVWUHVVRIWKH
V\QWD[E\VDLGQJUDPPRGHOVZKHUHDQHVWLPDWHGSUREDELOLW\RIDVHQWHQFHIURPWKHFRQGLWLRQDOSUREDELOLWLHVRI
RFFXUUHQFHRIDZRUGRUZRUGFODVV7KLVDSSURDFKLVTXRWHGLQWKHZRUN$EGHOODRXLLVSDUWLFXODUO\LQWHUHVWLQJIRU
LWVHIIHFWLYHQHVVDQGUREXVWQHVVEXWLVOLPLWHGWRWKHPRGHOLQJRIORFDOOLQJXLVWLFVWUXFWXUHV
&XUUHQWO\ WZR PRGHOV DQG WULJUDP ZRUGV DUH FRPPRQO\ XVHG LQ V\VWHPV RI FRQWLQXRXV VSHHFK UHFRJQLWLRQ DQG
DXWRPDWLFDQDO\VLVRI$UDELFWH[WVWKHRUGHURIXSWRPRGHOVPRGHOJUDPV,QWKLVIUDPHZRUNZHKDYHEXLOW
PRGHOVDQGJUDPV00&IRUWKH$UDELFODQJXDJH
/DEHOOLQJ
7KHODEHOLQJLVWRDOORFDWHIRUHDFKRIWKHLGHQWLILHGOH[LFDOXQLWVDOOSRVVLEOHPRUSKRV\QWDFWLFODEHOVDQGDWWDFK
WKHODEHOPRVWOLNHO\7KLVRSHUDWLRQZKLFKLVJHQHUDWHGE\DSURJUDPFDOOHGDODEHOHUFDQEHGRQHE\FRQVXOWLQJD
OH[LFRQZKHUHHDFKIRUPLVIROORZHGE\DOLVWRIFDWHJRULHVRUE\PRUSKRORJLFDODQDO\VLVRUE\FRPELQDWLRQ
$FFRUGLQJWRWKHWUHDWPHQWRIPRUSKRORJLFDODQDO\VLVEDVHGRQWKHILQLWHVWDWHDXWRPDWDRI7(/$0$WKHUHVXOW
ZLOOEH WKHVHWRISRVVLEOH ODEHOV IRU WKHJUDSKLFVXQLWDQG WKH OLVWRI ODEHOV7KHPRUSKRORJLFDODQDO\]HUFDQDOVR
FDXVHDVVLJQLQJDVLQJOHODEHOWRWKHZRUGWKDWLVZKDWZHFDOOWKHZRUGXQDPELJXRXVFKDUDFWHUL]HGE\DVLQJOH
ODEHOWKHQDVWKHILUVWILJXUHODEHOLQJUHVXOWLVREWDLQHGIROORZLQJ

7DEOH6HWRIODEHOV7DJVHW
/DEHO 'HVFULSWLRQ /DEHO 'HVFULSWLRQ
&& &RRUGLQDWLQJFRQMXQFWLRQ &' &DUGLQDOQXPEHU
'7 'HWHUPLQDQW ,1 &RQMXQFWLRQVXERUGLQDWLRQ
-- $GMHFWLYH 11 &RPPRQQDPHLQVLQJXODU
113 2ZQVLQJXODUQRXQ 1136 2ZQQDPHLQWKHSOXUDO
116 &RPPRQQDPHLQWKH
SOXUDO
12)81& 1RIXQFWLRQ
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35(3 3UHSRVLWLRQ 353 3HUVRQDOSURQRXQ
353 3RVVHVVLYHSURQRXQVWDII 5% $GYHUE
53 3DUWLFOH 381& 3XQFWXDWLRQ
8+ ,QWHUMHFWLRQ 9%' 3HUIHFWZRUG
9%1 3DVVLYHYHUE 9%3 9HUELQWKHLPSHUIHFW
:3 5HODWLYHSURQRXQ :53 :KSURQRXQ
:5% :KDGYHUE ): )RUHLJQZRUG

$FFRUGLQJWRWKHSKDVHRIPRUSKRORJLFDODQDO\VLVEDVHGRQILQLWHVWDWHDXWRPDWDH[SODLQHGDERYHDQGDSSOLHGWR
DVHQWHQFHRIZRUGVDVVKRZQLQWKHIROORZLQJILJXUHLVREWDLQHGIRUHDFKZRUGDVHWRIODEHOVRQHWZRRUPRUH
WKDWDUHPRVWOLNHO\ZLWKWKHH[FHSWLRQRIWKHILIWKDQGHLJKWKZRUGKDYLQJDVLQJOHODEHO:HLOOXVWUDWHRXUUHVXOWE\
WZRPHWKRGV+LGGHQ0DUNRYPRGHODQGDOJRULWKPRIGHJUHH1JUDPV1 
$QDO\VLVRIWKHWUDLQLQJFRUSXV
)RU DOO RXU H[SHULPHQWVZH XVHG RXU XQDPELJXRXV WUDLQLQJ FRUSXV GHILQHG DERYH WKH WUDQVLWLRQV EHWZHHQ ODEHOV
FRUSXVZHUHFDOFXODWHGWRHYDOXDWHRXUFRUSXV7KHIROORZLQJWDEOHVKRZVWKHSUREDELOLWLHVRIWUDQVLWLRQVZLWKDOLQN
EHWZHHQWKHODEHOV
7DEOH3UREDELOLWLHV7DJ/DEHO
 9% &' '7 ,1 11 381&
9%      
&'      
'7      
,1      
11      
381&      
:HWKHQDQDO\]HGWKHOLNHOLKRRG:RUGODEHORIWKHWUDLQLQJFRUSXVWKDWDUHOH[LFDOSDUDPHWHUV3:RUG(WLT
ZKLFKZLOOEHVKRZQLQWKHIROORZLQJWDEOHIRUWKHVHQWHQFHάΧ΃ϥϭήθϋϲϓΏΎδΤϟ΍
7DEOH3UREDELOLWLHVODEHOWDJ([SHULHQFHVDQGUHVXOWV
 ![ (UZQ I\ $O +V$E 
9%      
&'      
'7      
,1      
381&      
11      
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[SHULHQFHZLWKDVHWRIODEHOV
)RU HDFK VHQWHQFH RI WKH WH[W WR EH DQDO\]HG ZH ZLOO SRLQW WR WKH ZRUG WKDW LV PDGH E\ D VLQJOH ODEHO QRW
DPELJXRXVZRUG  DQG JHW LW DV D VWDUWLQJ SRLQW IRU ODEHOLQJ XVLQJ ERWK1JUDPPHWKRGZLWK1   DQG+LGGHQ
0DUNRY0RGHO RI 'HJUHH ,I H[LVWHQFH RI WZR RU PRUH ZRUGV LQ WKH VHQWHQFH XQDPELJXRXV  ZH FDOFXODWH WKH
SUREDELOLW\DQGOH[LFDOSRLQWWRWKLVZKLFKKDVWKHKLJKHVWSUREDELOLW\DQGLQFDVHRIDEVHQFHWKHXQDPELJXRXVZRUG
LQWKHVHQWHQFHLWUXQVWKH+LGGHQ0DUNRY0RGHORI'HJUHHDQG7ULJUDPVQRUPDOIURPWKHILUVWZRUGLQWKHSKUDVH
ZD\2IFRXUVHZHKDYHSUHSDUHGWKHQHFHVVDU\OLQJXLVWLFUHVRXUFHV IRURXUH[SHULPHQWV DQGZHFDOFXODWHGWKH
SDUDPHWHUVXVHGLQRXUDSSURDFKHVVXFKDVOH[LFDODQGFRQWH[WXDOSDUDPHWHUV$PRQJWKHVHUHVRXUFHVZHFDOFXODWHG
WKHOH[LFDODQGFRQWH[WXDOSUREDELOLWLHVIURPWKHWUDLQLQJFRUSXV:HDOVRDSSOLHGWKHDOJRULWKPRIKLGGHQ0DUNRY
PRGHORIGHJUHHDQG1JUDPRIGHJUHH
5HVXOWVRI7DJV
7RHYDOXDWHWKHSHUIRUPDQFHRIWKHDQDO\]HU7(/$0$H[HUFLVHLVPDGHLQDQDXWRPDWLFZD\WKHDQDO\]HUDQG
WKH RWKHU LV FDUULHG RXW WKH VDPH WDVN RI PDQXDOO\ %\ WDNLQJ WKH LQSXW RI WKH WHVW FRUSXV DQDO\]HG E\ DQRWKHU
DQDO\]HUDQGRXUPDQXDOO\DQDO\]HGIRUWKHFDOFXODWLRQHUURURQWKLVWHVWFRUSXV7KHODEHOIRUHDFKZRUGREWDLQHGLQ
DQ DXWRPDWHGPDQQHUZDV FRPSDUHGZLWK WKDW RI WKH ERG\ LQ WKH ERG\PDQXDOO\ ODEHOHG 7(/$0$ VKRZHG DQ
DFFXUDF\RIWKHHUURUUDWHRI















%\ REVHUYLQJ WKH $UDELF ODQJXDJH DQG DQDO\]LQJ WKH UHVXOWV RI RXU PRUSKRORJLFDO DQDO\]HU ZH QRWH WKDW WKH
VWDWLVWLFDODSSURDFKKDVSUREOHPVGLVWLQJXLVKLQJFHUWDLQSDLUVRIODEHOV7RDFWXDOO\VHHWKHHIIHFWRIHDFKODEHORQWKH
SHUIRUPDQFHRIDQDQDO\]HUWRWDORFFXUUHQFHVRIHDFKWDJLQWKHWHVWVHWDUHFDOFXODWHGDQGYHULILHG/RRNLQJDWWKH
GHWDLOVODEHOVFDQEHGLYLGHGLQWRGLIIHUHQWJURXSV/DEHOVZLWKDQDFFXUDF\EHWZHHQDQGDUHFRQVLGHUHG
VDWLVIDFWRU\ /DEHOV ZKRVH DFFXUDF\ YDULHV IURP  WR  FDQ EH FRQVLGHUHG DV VHFRQGJURXS ODEHOV ,W LV
LQWHUHVWLQJ WR FRQVLGHU WKH VSHFLILFV DQG WU\ WR ILQG D SRVVLEOH LPSURYHPHQW RI WKH VHW RI ODEHOV WKDW FDQ OHDG WR
LPSURYHGSHUIRUPDQFH
7(/$0$96$690
,Q RUGHU WR EHWWHU VLWXDWH RXU 7(/$0$ V\VWHP FRPSDUHG WR WKH VWDWH RI WKH DUW LQ FRPSDULVRQ ZLWK RWKHU
H[LVWLQJ DQG FRPSHWLQJ DSSURDFKHV WR GHWHUPLQH DQG LGHQWLI\ WKH VWUHQJWKV DQG ZHDNQHVVHV RI RXU DSSURDFK
$VVHVVPHQWLVXVXDOO\E\FRPSDULQJWZRGLIIHUHQWDSSURDFKHVRXWSXWVE\HQVXULQJWKDWWKHFRQGLWLRQVIRUDXWRPDWLF
RUPDQXDOZKHQHVWLPDWLQJWKHSHUIRUPDQFHDUHLGHQWLFDOIRUDQDO\]HUVSHUIRUPDQFHWKLVHQDEOHVXVWRFRPSDUHDQG
WRKDYHDQDFFXUDWHUHVXOWLQFRPSDULVRQ
,QRXUFDVHZHFKRVH WRFRPSDUHZLWK WKHDQDO\]HU7(/$0$$690ZKLFK LVDPRQJ WKHVWURQJHVWDQG
PRVW DQDO\]HUV NQRZQ ,Q WKLV SHUVSHFWLYH ZH UHDOL]HG WKH DXWRPDWLF H[HFXWLRQRI7(/$0$$690DQG LQ WKH
VDPHHQYLURQPHQW  WUDLQLQJ FRUSXVZLWK ODEHOVDQG WHVW FRUSXV EURNHQGRZQ LQWRSDUWV LQYROYHG&XOWXUH 
3ROLWLFV6SRUW+LVWRU\DQG$UWDQGDWWKHHQGWRJHWFODULILFDWLRQSOXUDODQGEHWWHUDVVHVVWKHDQDO\]HUVLQGLIIHUHQW
)LJ3HUIRUPDQFH$QDO\]HUZLWK
O E O
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W\SHVRIWH[W

7DEOH&RPSDULVRQ7(/$0$9V$690
 7(/$0$ $690
&XOWXUH  
3ROLF\  
6SRUW  
+LVWRU\  
$UW  

7REHWWHUYLVXDOL]HWKHGLIIHUHQFHEHWZHHQWKHWZRDQDO\]HUVLQUHODWLRQWRWKHLUSHUIRUPDQFHLQIRUPDWLRQVKRZVWKH
UHVXOWVLQDJUDSKDVDJUDSKRISHUIRUPDQFH



)LJ+LVWRJUDPRIUHWXUQ7(/$0$9V$690

7KHFRPSDULVRQEHWZHHQ7(/$0$DQG$690VKRZVWKDW7(/$0$JLYHVPRUHDFFXUDWHUHVXOWVWKDW$690LQD
VLPLODU HQYLURQPHQW 7KH XVH RI DQ XQDPELJXRXVZRUG LQ WKH VHQWHQFH DV D VWDUWLQJ SRLQW WKH FDOFXODWLRQ RI WKH
SUREDELOLW\E\ VXFFHVVLRQRUSUHFHGHQFHDQG WKHXVHRIDSURFHVVRUYRWHDOORZ7(/$0$JLYHKLJKSUHFLVLRQDQG
WKHUHIRUHUHGXFHWKHSUREDELOLW\RIHUURUDQGDPELJXLW\
&RQFOXVLRQ
,QWKH$UDELFODQJXDJHWKHVWDWHRIWKHDUWUHYHDOVWKDWSXEOLVKHGUHVHDUFKDQGV\VWHPVVKRZQLQWKHH[SHULPHQWV
PDGHZLWKWKHVDPHDSSURDFKDQGWKHVDPHGDWDGLGQRWJLYHULVHWRWKHVDPHSHUIRUPDQFHZLWKDVHWRIODEHOV
$FKLHYLQJ7(/$0$EDVHGRQWKHSHUIRUPDQFHRIERWKDSSURDFKHVDQG00&7ULJUDPVDOORZVXVWRREWDLQ
DVWKHEHVWSHUIRUPDQFHLQDVHWRIODEHOV$K\EULGPHWKRGFRPELQLQJVHYHUDODSSURDFKHVLVOLNHO\WREHVWXGLHG
WRDFKLHYHRXUPRUSKRORJLFDODQDO\]HUIRU$UDELF0RUHRYHUZKDWHYHUWKHWHFKQLTXHXVHGVRPHSUREOHPVUHPDLQ
XQVROYHG8QNQRZQZRUGVDUHDOZD\VGLIILFXOW WRFDWHJRUL]HFRUUHFWO\HYHQ LQRWKHU ODQJXDJHVEXWZHZLOO WU\ WR
WKZDUWWKHP
7KLVZRUNVKRZVWKDWWKH7$/UHO\LQJRQWRROVVLPSOHDQGUHOLDEOHRSHQVQHZSHUVSHFWLYHVIRUWKHDQDO\VLVRI
UHVSRQVHVDQGWKHJHQHUDWLRQRIUHOHYDQWIHHGEDFNLQRXUV\VWHP7(/$

ƵůƚƵƌĞ WŽůŝƚŝƋƵĞ ^ƉŽƌƚ ,ŝƐƚŽŝƌĞ ƌƚ
d>D ϴϴ͘ϰϴ ϵϬ͘ϳϱ ϵϳ͘ϭϰ ϴϳ͘Ϯϳ ϵϭ͘ϲϰ
^sD ϴϱ͘ϯϲ ϴϭ͘ϯϵ ϴϯ͘ϯϯ ϴϯ͘ϱϴ ϴϰ͘ϲϳ
ϳϬ
ϳϱ
ϴϬ
ϴϱ
ϵϬ
ϵϱ
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5HIHUHQFHV
.KHPDNKHPD $, $UDELF/'%  8QH EDVH OH[LFDOH QRUPDOLVpH SRXU OD ODQJXH DUDEH 0pPRLUH GH PDVWHU HQ 6\VWqPHV 7XQLV
G¶,QIRUPDWLRQHW1RXYHOOHV7HFKQRORJLHV/LHX)6(*6ID[
 7DKLU<2&KHQIRXU120+DUWL02©0RGpOLVDWLRQjREMHWVG
XQHEDVHGHGRQQpHVPRUSKRORJLTXHSRXUODODQJXHDUDEHª-(37$/1
7UDLWHPHQW$XWRPDWLTXHGHO¶$UDEH)qVDYULO
 0RKDPPHG$7 ³$Q $PELJXLW\&RQWUROOHG0RUSKRORJLFDO $QDO\]HU IRU0RGHUQ 6WDQGDUG $UDELF0RGHOOLQJ)LQLWH 6WDWH1HWZRUNV´ 7KH
FKDOOHQJHRI$UDELFIRU1/307
 'LDE02+DFLRJOX.$-XUDIVN\'$³$XWRPDWLF7DJJLQJRI$UDELF7H[W)URP5DZ7H[WWR%DVH3KUDVH&KXQNV´7KLVZRUNZDVSDUWLDOO\
VXSSRUWHGE\WKH1DWLRQDO6FLHQFH)RXQGDWLRQYLDD.''6XSSOHPHQWWR16)&,6(,5,,QWHUDFWLYH6\VWHPV$ZDUG,,6
 'LDE 02$Q 8QVXSHUYLVHG $SSURDFK IRU ERRWVWUDSSLQJ $UDELF 6HQVH 7DJJLQJ3URFHHGLQJV RI $UDELF 6FULSW %DVHG /DQJXDJHV
:RUNVKRS&ROLQJ
 'LDE026HFRQG*HQHUDWLRQ$0,5$7RROV IRU$UDELFSURFHVVLQJ)DVWDQG5REXVW7RNHQL]DWLRQSDV7DJJLQJDQG%DVHSKUDVHFKXQNLQJ
&HQWHUIRU&RPSXWDWLRQDO/HDUQLQJ6\VWHPV&ROXPELD8QLYHUVLW\
 6LOEHU]WHLQ0$7XWLQ$*³1RRM XQRXWLO 7$/SRXU O¶HQVHLJQHPHQW GHV ODQJXHV $SSOLFDWLRQSRXU O¶pWXGHGH ODPRUSKRORJLH OH[LFDO HQ
)/(´$SSUHQWLVVDJHGHV ODQJXHV HW V\VWqPH G¶LQIRUPDWLRQ HW GH FRPPXQLFDWLRQ $/6,&9RO %XFNZDOWHU 7%XFNZDOWHU$UDELF
0RUSKRORJLFDOQDO\]HU9HUVLRQ/'&&DWDORJ1R/'&/,6%1
 %DFKD.+=ULJXL020RKVHQ0$$QLV=27(/$ 7RZDUGV (QYLURQPHQWDO /HDUQLQJ $UDELF 7KH  ,QWHUQDWLRQDO&RQIHUHQFH RQ
$UWLILFLDO ,QWHOOLJHQFH ,&$,
 :25/'&203
 /DV 9HJDV 1HYDGD 86$   SDJHV
KWWSFHUFZYXHGXGRZQORDG:25/'&203&'SDSHUV(((SGI
 %DFKD .+  =ULJXL 02 'HVLJQ DQG LPSOHPHQWDWLRQ RI D PRGHO RI VHJPHQWDWLRQ HQYLURQPHQWDO &RPSXWHU $VVLVWHG /HDUQLQJ 7(/$
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